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METHOD AND SYSTEM FOR BROADCASTING DATA TO 
MULTIPLE TAP CONTROLLERS 



FIELD OF THE INVENTION 



The present invention relates to integrated circuits, and more particularly to a method 
and system for more efficiently testing portions of the integrated circuits. 



BACKGROUND OF THE INVENTION 

Currently, the trend in integrated circuits is to more complex designs. For example, 
an integrated circuit may have previously included only a single core, such as processor 
circuit. Currently, integrated circuits are often designed with multiple cores having 
relatively complex interconnections. Thus, it is desirable to test integrated circuits during 
design and fabrication. 

The IEEE 1 149.1 JTAG recommendation provides a standard test architecture for 
use with integrated circuits. The JTAG recommendation provides that a core can be coupled 
with a test access port (TAP) controller used in testing various features of a core. As used 
herein, a core is a portion of an integrated circuit that can be tested using a controller. The 
core need not include a single processor or a particular set of circuits in an integrated circuit. 
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Although JTAG provides a standardized test architecture, one of ordinary skill in the art will 
readily recognize that JTAG envisions a single core being tested by a single controller. 

Figure 1 A depicts a conventional system 10 for testing an integrated circuit having 
multiple cores. Thus, multiple slave TAP controllers 20, 30, 40, and 50 as well as a 
conventional master TAP controller 60 are provided. The conventional slave TAP 
controllers 20, 30, 40, and 50 are cascaded. Consequently, data input to one conventional 
slave TAP controller 20, 30, and 40 can be cascaded to a subsequent conventional slave 
TAP controller 30, 40, and 50, respectively. Furthermore, each conventional slave TAP 
controller 20, 30, 40, and 50 is coupled to a core of an integrated circuit (not shown). 
Typically, the conventional master TAP controller 60 enables only one of the conventional 
slave TAP controllers 20, 30, 40, or 50 at a single time. Test data and instructions are 
transferred to the conventional slave TAP controller 20, 30, 40, or 50 that is enabled. 
When the transfer of data is complete, the conventional slave TAP controller 20, 30, 40, or 
50 is disabled and the next conventional slave TAP controller is enabled. For example, 
suppose data is to be provided to the cores coupled to the conventional slave TAP 
controllers 20 and 30. Typically, the conventional slave TAP controller 20 is enabled. Test 
data is provided to the conventional slave TAP controller 20. The conventional slave TAP 
controller 20 is then disabled and the conventional slave TAP controller 30 is enabled. If the 
same test data is provided to both conventional slave TAP controllers 20 and 30, the test 
data is then cascaded from the conventional slave TAP controller 20 to the conventional 
slave TAP controller 30. If different test data is provided to the conventional slave TAP 
controller 30, then the new test data is input directly to the conventional slave TAP 
controller 30. In some conventional systems 10, the conventional master TAP controller 60 
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does allow for more than one of the conventional TAP controllers 20, 30, 40, and 50 to be 
enabled simultaneously. However, test data is still apparently cascaded between the 
conventional slave TAP controllers 20, 30, 40, and 50. Thus, in the example above, the time 
taken to serially disable the conventional slave TAP controller 20 and enable the next 
conventional slave TAP controller 30 is saved. However, the latency in receiving the test 
data still differs for different TAP controllers because the data is cascaded or received 
serially. Thus, testing may be slower. 

Accordingly, what is needed is a system and method for more rapidly testing 
integrated circuits. The present invention addresses such a need. 

SUMMARY OF THE INVENTION 

The present invention provides a method and system for testing a plurality of cores 
in an integrated circuit. The method and system include providing a plurality of slave 
controllers a master controller. Each of the plurality of slave controllers is for testing at least 
one of the plurality of cores. The master controller is coupled with the plurality of slave 
controllers in a star configuration. The master controller is configured to allow test data to 
be input directly to a portion of the plurality of slave controllers in parallel. The portion of 
the plurality of slave controllers can include more than one slave controller. 

According to the system and method disclosed herein, the present invention provides 
a mechanism for simultaneously providing data to multiple slave controllers and, therefore, 
multiple cores, thereby reducing the amount of time to test the destinations. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagram of a conventional system for testing integrated circuits using 
the JTAG recommendation. 

Figure 2 is a high level block diagram of one embodiment of a system in accordance 
with the present invention for testing integrated circuits. 

Figure 3 is a more detailed block diagram of one embodiment of a system in 
accordance with the present invention for testing integrated circuits. 

Figure 4 is a high-level flow chart depicting one embodiment of a method in 
accordance with the present invention for testing integrated circuits. 

Figure 5 is a more detailed flow chart of one embodiment of a method in accordance 
with the present invention for testing integrated circuits. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to an improvement in testing of integrated circuits. The 
following description is presented to enable one of ordinary skill in the art to make and use 
the invention and is provided in the context of a patent application and its requirements. 
Various modifications to the preferred embodiment will be readily apparent to those skilled in 
the art and the generic principles herein may be applied to other embodiments. Thus, the 
present invention is not intended to be limited to the embodiment shown, but is to be 
accorded the widest scope consistent with the principles and features described herein. 

The present invention provides a method and system for testing a plurality of cores 
in an integrated circuit. The method and system include providing a plurality of slave 
controllers a master controller. Each of the plurality of slave controllers is for testing at least 
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one of the plurality of cores. The master controller is coupled with the plurality of slave 
controllers in a star configuration. The master controller is configured to allow test data to 
be input directly to a portion of the plurality of slave controllers in parallel. The portion of 
the plurality of slave controllers can include more than one slave controller. 

The present invention will be described in terms of a particular integrated circuit and 
a particular testing system having a master controller and a certain number of slave 
controllers. However, one of ordinary skill in the art will readily recognize that this method 
and system will operate effectively for other integrated circuits and other testing systems. 
For example, the method and system are consistent with the use of multiple master 
controllers and another number of slave controllers used in testing integrated circuits. 
Furthermore, the present invention is described in the context of a particular encoding 
scheme. However, one of ordinary skill in the art will readily recognize that the method and 
system can be used with other encoding schemes. 

Currently, a JTAG system for testing integrated circuits which uses a master TAP 
controller coupled with slave TAP controllers in a star configuration is known. In a star 
configuration, each of the slave TAP controllers is coupled to the master tap controller, but 
is not directly coupled to each other. This configuration allows for a constant latency to be 
achieved in providing test data to each slave TAP controller. However, because each slave 
TAP controller is enabled serially, the transfer of data may be time consuming. 

To more particularly illustrate the method and system in accordance with the present 
invention, refer now to Figure 2, depicting a high level block diagram of one embodiment of 
a system 100 in accordance with the present invention for testing integrated circuits. The 
system 100 includes a master TAP controller 1 10, and slave TAP controllers 120, 130, 140, 
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and 150. Although one master TAP controller 110 and four slave TAP controllers 120, 130, 
140, and 150 are depicted, nothing prevents the use of another number of master TAP 
controllers 110 and/or another number (greater than one) of slave TAP controllers 120, 130, 
140, and 150. The slave TAP controllers 120, 130, 140, and 150 are coupled to cores (not 
shown) of an integrated circuit (not shown), preferably using standard JTAG architecture. 
The master TAP controller 1 10 and the slave TAP controllers 120, 130, 140, and 150 are 
coupled in a star configuration. As used herein, a star configuration is one in which the 
slave TAP controllers 120, 130, 140, and 150 are coupled with the master TAP controller 
110, but are not directly coupled to each other. 

The master TAP controller 1 10 is configured to allow one or more of the slave TAP 
controllers 120, 130, 140, and 150 to be enabled at the same time such that the more than 
one of the slave TAP controllers 120, 130, 140, and 150 can directly receive test data in 
parallel (e.g. at substantially the same time). When the test data is input directly to a slave 
TAP controller 120, 130, 140, or 150, the test data does not flow to another slave TAP 
controller 120, 130, 140, or 150 prior to flowing to a particular slave TAP controller 120, 
130, 140, or 150. Stated differently, test data is not cascaded between the slave TAP 
controllers 120, 130, 140, and 150. Thus, the slave TAP controllers 120, 130, 140, and 150 
may receive their test data in parallel, at substantially the same time. In a preferred 
embodiment, the master TAP controller 1 10 enables some portion of the slave TAP 
controllers 120, 130, 140, and 150 by using encoded addresses. In a preferred embodiment, 
the encoded address is split into two portions. The first portion of the encoded address 
includes a broadcast bit that indicates whether the test data is to be provided to more than 
one of the slave TAP controllers 120, 130, 140, and 150. If so, then the second portion of 
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the encoded address is a mask indicating the specific slave TAP controllers 120, 130, 140, 
and 150 that should be enabled. If not, then the second portion of the encoded address is the 
address of a specific one of the slave TAP controllers 120, 130, 140, or 150. For example, 
suppose that a transmission includes 1 001 1 abed. The encoded address is 1 001 1, while the 
test data is abed. The first bit, 1, is the broadcast bit indicating that more than one of the 
slave TAP controllers 120, 130, 140, and 150is to be enabled. The mask 001 1 indicates 
which of the slave TAP controllers 120, 130, 140, and 150 are to be enabled. The test data 
abed is then provided to the enabled TAP controllers 120, 130, 140, and 150. Note that 
although an encoded address, preferably using a broadcast bit, and a particular coding 
scheme is preferred, nothing prevents the use of another mechanism for enabling some 
portion of the TAP controllers 120, 130, 140, and 150. 

Using the system 100, multiple slave TAP controllers 120, 130, 140, and 150 can be 
enabled simultaneously so that they receive data directly and, preferably, in parallel. Thus, a 
constant latency can be achieved and the cores can be tested more rapidly. 

Figure 3 is a more detailed block diagram of one embodiment of a system 100' in 
accordance with the present invention for testing integrated circuits. The system 100' 
corresponds to the system 100. Consequently, analogous components are labeled similarly. 
For example, the master TAP controller 1 10' corresponds to the master TAP controller 1 10. 
The master TAP controller 1 10' is depicted as including an instruction register 112. The 
system 100' also includes AND gates 160, 162, 164, and 166. The AND gates 160, 162, 
164 and 166 have inputs from the master TAP controller 110' and the test data input. The 
slave TAP controllers 120', 130', 140', and 150' are also connected with cores (not shown) 
of an integrated circuit being tested. 
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The master TAP controller 1 10' is configured to allow one or more of the slave TAP 
controllers 120', 1 30% 140', and 150' to be enabled at the same time such that the more than 
one of the slave TAP controllers 120, 130 3 140, and 150 can directly receive test data, 
preferably in parallel. As discussed above, when the test data is input directly to a slave 
TAP controller 120', 130', 140', or 150', the test data does not flow to another slave TAP 
controller 120', 130', 140', or 150' prior to flowing to a particular slave TAP controller 
'120, '130, '140, or '150. Thus, the slave TAP controllers 120', 130', 140', and 150' may 
receive their test data in parallel, at substantially the same time. 

In operation, the master TAP controller 1 10' enables the slave TAP controller(s) 
120', 130', 140', and/or 150' by enabling the corresponding AND gate 160, 162, 164, and/or 
166. The slave TAP controllers 120', 130', 140', and/or 150' can thus receive test data from 
the test data inputs in parallel through the AND gates 160, 162, 164, and 166, respectively. 
In a preferred embodiment, the encoded address described above is used. The master TAP 
controller 110' provides the encoded address to the instruction register 1 12. Also in a 
preferred embodiment, the first bit of the encoded address provided to the instruction 
register 1 12 is the broadcast bit. The mask/address is then provided to the instruction 
register 1 12. Based on the encoded address, one or more of the AND gates 160, 162, 164, 
and/or 166 is enabled. In addition, multiple AND gates 160, 162, 164, and 166 could be 
enabled at the same time. Thus, test data can be directly input to the multiple slave TAP 
controllers 120', 130', 140', and/or 150' through the AND gates 160, 162, 164, and/or 166, 
respectively, in parallel. 
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Using the system 100% multiple slave TAP controllers 120% 130', 140% and 150' can 
be enabled simultaneously so that they receive data directly and, preferably, in parallel. 
Thus, a constant latency can be achieved and the cores can be tested more rapidly. 

Figure 4 is a high-level flow chart depicting one embodiment of a method 200 in 
accordance with the present invention for testing integrated circuits. The method 200 is 
described in the context of the system 100'. However, one of ordinary skill in the art will 
readily recognize that the method 200 is applicable to other systems. The method 200 is 
preferably used when the same test data is to be provided to multiple cores. Multiple ones 
of the slave TAP controllers 120', 130', 140', and 150' are enabled preferably using the 
master TAP controller 110', via step 202. Thus, step 202 enables the appropriate slave TAP 
controllers 120', 130', 140', and/or 150' to receive data. In a preferred embodiment, step 
202 is performed by providing an encoded address including a broadcast bit to the 
instruction register 112 and enabling multiple AND gates 160, 162, 164, and/or 166. Test 
data is provided directly to multiple slave controllers 120', 130', 140', and/or 150', 
preferably in parallel, via step 204. Step 204 is preferably performed by providing data to 
the AND gates 160, 162, 164, and 166. Consequently, the enabled AND gates 160, 162, 
164, and/or 166 provide data to the corresponding slave TAP controllers 120', 130', 140', 
and/or 150', respectively. As a result, test data can be provided in parallel to the slave TAP 
controllers 120', 130', 140', and/or 150' and the cores to which they are coupled. 
Consequently, testing of the integrated circuit can be made more efficient. 

Figure 5 is a more detailed flow chart of one embodiment of a method 210 in 
accordance with the present invention for testing integrated circuits. The method 210 is 
described in the context of the system 100'. However, one of ordinary skill in the art will 
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readily recognize that the method 210 is applicable to other systems. The broadcast bit of 
the encoded address is provided to the instruction register 1 12, via step 212. If the broadcast 
bit indicates that more than one controller is to be enabled, then a mask indicating the slave 
TAP controllers 120', 130', 140', and/or 140' is provided to the instruction register 1 12, via 
step 214. If the broadcast bit indicates that only one controller is to be enabled, then an 
address indicating the slave TAP controller 120', 130', 140', or 140' is provided to the 
instruction register 1 12, via step 216. Thus, via step 212-216, the encoded address is 
provided. The appropriate AND gate(s) 160, 162, 164, and/or 166 are enabled using the 
encoded address, via step 218. Thus, step 218 can be viewed as enabling the appropriate 
slave controller(s) 120', 130', 140', and/or 150' coupled to the appropriate AND gate(s) 
160, 162, 164, and 166, respectively. The test data is provided to the AND gates 160, 162, 
164, and 166, via step 220. Thus, the enabled AND gate(s) 160, 162, 164, and 166 will 
transmit the data to the appropriate slave TAP controller(s) 120', 130', 140', and/or 150' 
and, therefore, the appropriate cores. Consequently, using the method 210, multiple slave 
TAP controller(s) 120', 130', 140', and/or 150' can directly receive test data in parallel. 
Thus, a constant latency can be achieved and the cores can be tested more rapidly. As a 
result, efficiency of testing can be improved. 

A method and system has been disclosed for testing integrated circuits. Software 
written according to the present invention is to be stored in some form of computer-readable 
medium, such as memory, CD-ROM or transmitted over a network, and executed by a 
processor. Consequently, a computer-readable medium is intended to include a computer 
readable signal which, for example, may be transmitted over a network. Although the present 
invention has been described in accordance with the embodiments shown, one of ordinary 
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skill in the art will readily recognize that there could be variations to the embodiments and 
those variations would be within the spirit and scope of the present invention. Accordingly, 
many modifications may be made by one of ordinary skill in the art without departing from 
the spirit and scope of the appended claims. 
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